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The resul ts  of an investi@tion a t  high Reynolds numbers and low 
Mach nunibere in the Langley full-scale tunnel to  determine the effect1 
of leatiing-eclge high-3ift devices and s p U t  flaps cm the mximuzn-lift 
and la teral   character is t ic8 of a rectengular wing of aspect r a t i o  3.4 
with circular-arc a i r f o i l  sectians are presented in this,report. The 
Fnvestigation  included measurements of the aerodynamic characteristicf 
in pitch and i n  yaw of the basic wing and of the wFng w f t h  several 
leading-edge high-lift devices and. 0.20-chord apl i t   f laps   def lected 
alone and in cardbination with m e  another.  Scale  effects were inveeti- 
gated a t  Regnolh n d e r s  ranging fram 2.9 x 106 t o  8.4 x 106. In 
addition t o  the force mBasuremnts, the s t u g  characterist ics of the 
wing were  determined. 

The nmxinnun l i f t  coefficient of the basic w5ng is 0.58. m e  
addition. of --span =-span split  fags a f l e c t e d  60° increases 
this value t o  1.00 and 1.24, respectively. The ElgMemsnt between the 
experimsntal values of the m~uclmum Iff t coefficient and Uft-curve  slope 
of the  basic wing and the increments in l i f t  coeff ic ients  due t o  f l ap  
deflectian and those calculated by the beet  availabze methods is  good. 
Maximum lift coefficients of 0.89, 1.20, and 1.21 m e  obtained f o r  the 
wing with the drooped-nose flap  deflected 20°, uith the extensible 
leadin@;-edge flap,  and w i t h  the conibkation of drooped-nose flap  deflected 
10' with 0.032-chord ro& leading edge, respectively. These W u e s  were 
increased t o  1.26, 1.58, and 1.47, respectively, wfth the addition of 
half-span rJpUt f h p s  deflected 60°. The wag of t;he wing is high 
throughout the moderate t o  high angle-of -attack range. The addition of 
s p l i t   f l a p s  causes a k g e  drag increase;  howenr, an appreciable 
reduction in  the drag in t h i s  range is obtainea by deflect- e i ther  the 
drooped-nose f lag  o r  by the inatallaticm of the extensible leading-edge 
flap. The pitching-moment characteristice of the baeic w i n g  asd of the 
win@: w i t h  the leading-edge high-l i f t  devices givFng highest maxfmum lift 
indicate that below the stall the center-of-pressure  locatian is slightly 
forward of the quarter chord. A stable pitching-moment break is shown 
a t  the stall f o r  all configurations  except those with the extensible 
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leading-edge flap and wlth the cmbination of the drooped-nose flap 1 

deflected XIo with the 0.032-chord  round leadlug edge, which  have nrarginal 
stability. In general, the addif;ian af split f h p 8  to CanfigUratimB 
cawes a slightly rearward  shift of the cfmbr-of-preseum 10Catia;l. For 
the  basic wlng the d ihedra l  effect  increases  parabolically  with  lift 
coefficient-and the directid stability  lncreaaes  essentially linearly 
with lift  coefficient  and t h e  respective paramsters attain  valuee of 
0.0023 per  degree and -0.00050 per  degree near maxh lfft. Values of 
the side-force parameter are low. All the leading-edge high-lirt  device8 
investigated an this wFng with  circular-arc  section  produce almost lFnsar 
dihedral-effect  variations  with lift coefficfent,  which I s  consietent 
with  the  characteristics  of  conventional  blunt-nose  aixfoila and xith 
theory; the directional  stability and lateral-force  oharacterietics  are 
not  materially  affected. The split flaps  decrease the dihedral effect of 
the  basic wing at a given lift coefficient, but they generally do not 
materially  affect the lateral characteristics of the w b g  when imta l l ed  
in combinatian w i t h  the lead--edge  high-lift  devices. 

3 

In order  to provlde large-scale  data on the high-angle-of-attack I 

CharaCteri8tiCe of wing8 having airfoll sections xith eharp Leading 
edges, an investigation is being conducted in the Langley full-scale 
turmel at  high  Reynolds  numbers-  and low Mach n ~ b e m  of several typical 
transanic and supersonic  swept and uncrwept wing plan f o m  havFng 
10-percent-thick,  circular-arc a i r f o i l  sections. One of the win@ ixW0S- 
tigated w a ~  a trapezoidal win@; of aspect  ratio 4, and the maxllmun-lift 
and s t aUr r  characteristics have been reported in ref ereace 1. The 
r e su l t s  of reference 1 show that  the inherently l o w  raximum lift and hi& 
drag of the wing were  appreciably  improved when a drooped-noee f h p  was 
deflected.  Inasmuch  as  this  type of high-lif t  device was found to be 
effective, a more cqlete study w a s  made of several leading-edge high- 
lift  devices as a part of a general lnvestigatian  conducted on a rectan- 
gular wing of aspect  retio 3 . 4  with 10-percent-thick circukr-arc air- 
foil sectians. This wing is identical  to the wing tested in reference I 
except that the tips were modified so as to form a rectmgulm plan form. 

* 

The investigatian  included  measurements at high Reynolde numbers 
and low Mach  numbers of the a e r o m c  characterietics in pltch and Fn 
yaw of  the  basic wing and of the w i n g  with several leading-edge high-lirt 
devices  and  0.20-chord  split flaps deflected both  &Lane and in cambination 
w i t h  me another. The leading-edge high-lift devices inmatigated 
included a 0.20-chord  drooped-noee  flap, a 0.10-chord extensible leading- 
edge flap,  and  several  simulated round leading edgee. The scale effect 
on t h e  aerodynmlc characte  istics  was d termfned for a range af Reynolde 

measurements, the s t e t l l i n g  characteristics of the w i n g  w i t h  and K i t h o u t  
high-lift devices ' K B m  determined.by meane of tuft observations. 

*- 

numbers fram about 2.9 x 1 d to 8.4 x 10 8 . In addition to the  force # 
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The  test data aze presented a8 standard NACA coefficients of forces 
and moments referred to the etandard StabilitT axes. The Y - a x i s  is 
assumsd t o  lie along the quarter-chord l h e  of the w i n g  an& in the plane 
of the wLng geometric chord lines. 

l i f t  coefficient t?) 
pitching-rn-t coefficient (&) 
rolling-mrrment coefficient ($9 

section lift coefficient 

maximum section  lift  coefficient 

pressure  coefficient 
( p  ; 

critical preesure coefficient; pressure coefficient at a local 
Mach nWer of 1.00 

free-stream Mach m b e r  
. .  

pitching mcnnent 



aspect ratio (9 
dietance along semispan Tram p h e  of symmetry 

taper ra t io ;  r a t io  & tip chord t o  root chord 

angle of attack for maximum lift, degrees 

local s t a t i c  preesure 

free-etrea s t a t i c  preserure 

drooped-nose-flap deflection, degrees 

angle of yaw, degrees 

rfr 

CL denotes partial. derivative of a coefficient w i t h  reepect t o  

example: C " 

J 

? 
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MODEL 

5 

The geomtric  characteristics of the wing and the m g e m n t  of the 
high-lift  devices are &ven Fn figures 1 Etsd 2. Photographs of the wing 
mounted an the airfoil eqpor t s  and (M the yaw supports are given aa 
figure 3. m e  a i r f o i l  section of the wing is the NACA 23- (50) (05)- 
(50) (Og), the ordinates of  whfch may be found in  reference 2. The w5ng- 
t i p  shape is --half of a body of revolution of the airfoi l   sect ion.  
The wing has no geometric dihedral o r  twist. 

b 

The wing constructicm  caneisted of a simgle framework of -inch 1 
4 

s t e e l  channel spars covered with a .'-inch skin of .alnmFnum sheet rolled 
t o  the correct  afrf'oil cm-&w. The wing a u r f a c e ~  w e r e  about  the  equiv- 
a lent  in roughness to conventianal thin dura l  ahee t   cm~truc t ion  with 
dimpled skFn and unfil led  f lush  r ivets.  The wing com%r'uction w a s  
extremely rigid and it is believed that no deflections of an appreciable 
magnitude occurred during the teste.  The 0.20~ drooped-nose flap was 
pivoted on piano h-8 munted flush with the lower wing surface, and 
with the flap deflected the @p an  the upper wing Burface was sealed with 
a faired cover  plate'.  Drooped-nose-flap  deflections up t o  40° could  be 
obtained. The extensible  bading-edge-flap  configuration te~lted (see 
f ig .  2) was selected frm cansitbratiom of high m ~ u c i m u m  l i f t  and was  
determine& f r o m  the results of two-dimensional tests reported in reference 3 .  
The extensible  leading-edge  flap had au axea of 9.9 percent of the wing 
m a  measured in a plane along  the angle of flap deflection. The round- 
leading-edge modificatiane  ccmgisted of cylinder8  attached  to the under 
mrface of the leading edge with d5amstere selected Fn the range of the 
nose diameter of a 0012 a i r f o i l  (0.032~).  he s p l i t   f h p s  were made of 
sheet mtal attached to the wing under surface at  a f l a p  deflection of 60° 
lneasured &B shown in figure 2. . The half -wan and full-span s p l i t  flaps 
used in the zero-yaw tests w-ere a c t u d l y  48 and 97.5 percent of the wing 
span. When the wing waa mounted oz1 the yaw supports (see f i@. 1 and 3 (b) 1 
a 12-inch cut-out in the split-flap  center  section waa provided t o  give 
clearance for the sting. 

'4 

In  order to determine the longitudinal Etnd Lateral characteristics 
of the wing, all the teste were made through an angle-of -attack rmge  frcm 
about -2O through the 8 t U  in increments of 2O except near maximum lift, 
mere  lo increments were used. The scale effect  on the aerodynamic char- 
ac te r i s t ics  of' the wing was determined from tests made at  various -el 
airspeeds t o  give a Reynolds ntrmber range of from about 2.9 x 10 
to 8.4 x lo6. The highest Mach nuniber obtained In the tests was 0.14, 
a t  a Reynolds n W e r  of 8.4 x 10 - 6 

6 
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il The investigation of the maximum-lift characterietice of the KLng 
made at  Oo yaw included IIlsasurementa of the lift, the drag, and the 
pitching momnt of the  basic wing and of the wing with several leading- 
edge high- l i f t  devices and 0.20~ spl i t   f laps   def lected.  The various  high- 
l i f t  device8 mre b s t e d  both alone and in conibiaation with 0% another. 
Tests were made w i t h  the drooped-nose flap  deflected from 100 ta 40° Fn 
loo increments  except in the r e g i a  d En = 20°, where 5O incremsnts ware 
used inasmuch as- W a  deflecticm  appeared opthum f o r  maXimum U t  in tbe 
tests reported in  reference 1. The tests of the wing with the round 
leading e w e  inAxlled were made with the nose drooped through a range 
of 6, from loo t o  2ap. ~n dation, the 0.032~ r o a - l e d i n g - e d g e  
in&allation was tested without tbe nose drooped. The scale ef fec t  was 
inveetigated  for all configurations  except those w i t h  the basic sharp 
leadlng edge, which were tested at a ReynoldEl number of about 4.1 x lo6 
inasmuch as the results of reference 1 showed no apgmciable scale effect; 
on the lift, the drag, and the pi ching-mamsnt coefficients in the Reynold8 
number range fram about 3.27 x 18 t o  7.67 x 106. Due t o  structural limi- 
tation,  the  extemible leadlng-edge flap  could  not be t e a t e d  at a tunnel 
airspeed hlgher than tha t  corresponding to a Reynolds nmiber of about 
3.90 X ld. 

d 

.. - 

"he stLUing chmacteristics mre detarmFned by obeerving the action 
of wool tufts attached t o  the upper w i n g  M a c e .  These tuft studies ware 
made of the basic wing and of the wing with the more e f f ec t ive   h igh -Ut  
arrangements. The tuft studies were made a t  a Reynoldfl n W e r  of about 
4.1 x 10 f o r  t h e  %Trig with the sharp leading edge and at about 4.1 x 1& 
and 6.  o x 106 f o r  the round-le&ing-edge canfigmatione. 

6 
i 

Surface  static-pressure measurements were made at  seyeral chordwise 
points along the upper surface of the nose at  the WFng center .line f o r ,  
the  configuration  with  the droqped-noke flap  deflected loo w i t h  the ' 

0 O32c round leadin@: edge and half-span =lit flap 1 m " e d .  These 
IlleaerUremts were  made at  the m e  of attack for lnaximum l i f t  at a 
Remolds number of about 7.2 x 10 6 . 

The investigation in yaw Included measurements of the lift, lateral 
force, rolling moment, and yawing mOlzIt3Il-b of eight configurations st 
approximate- 60 incrementa of yaw through a range of from ayproximately 
-60 t o  180. The. canfiguratiom tested i n  yaw were the  baeic WFng and the 
wing with half-spa~l and fu l l - span   sp l i t   f l aps  ins ta l l ed .  Also tested were 
the more promising high- l i f t  arrangercents Involving the drooped-nose flep, 
the 0.03  2c r a d  leaaing edge, and the extemlble leEtding-edge f lap.  The 
basic wing and the w i n g  w i t h  the sp l i t   f l ag8  i n s t a l l e d  mre tested through- 0 
out the complete yaw range, whereas the other  configurations w e r e  inueatL- 
gated only from about -O0 to 6' yaw angles, which WBE considered a suf'fi- 

- cient  range of yaw t o  obtain the   s tab i l i ty  parameters. 4 
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a The results have bean corrected f o r  the stream dinement, the 
blocking effects, the jet-boundaq  effects, and the tares cawed by the 
wing supports. 

The discuasim of the t e s t   r e su l t s  is grouped h t o  two main sections. 
The first section  presents the results of tee t s  made t o  determine the 
rmxinnun-lift and stall ing  characterfatics of the wlng and the second 
section gives the lateral characteristics as betermined from the t e s  a i n  
yaw. The data are presented for a Reynolds nmiber of about 4.1 x 10 2 
except where noted. 

The figures covering the maximum-lift resu l t s  are outlinad belaw 
t o  f a c i l i t a t e  the discuseion of the results.  The reaulte for the basfc 
wing and the WFng with @it f laps  inertalled are given in figure 4. The 
determination of the calculated % a t  which" stallfng begins for the 
basic wing is given in figure 5. The effects of the leading-edge hi&- 
l i f t  devices on the aero-c characterist ics are presented in figures 6 
to 13. The stall ing  characterist ics of the baaic wing and of the wing 
Mth the leading-edge hla-lift devices are shown fn tuft dlagraans of 
figure 14 and -8 discuesed in each o f '  the 6Libeecti- of the result8 and 
discussion. The resul ts  of tests of the KLng with eeverd. leading-edge 
high-lift devices deflected in cmbinatiaa with s p l i t  f laps  are presented 
in figures 15 to 20. The characteristics of the wing w i t h  the 
combined deflections of the high-lift devices are presented in figure 21. 
For convenience, a sunmazy of the variatim of maximum lif't coefficient 
with Reynolds nuniber for the more pertinent  configurations is presented 
Fn figure 22. The power-off landing-approach speed charEtcteristice of 
the wing are given in figure 23, which, show l inse of conatant glia_ing 
speed and constant s in ldng speed for a wing loading of 4-0 pounde per 
sqwre f o o t  superinposed M the l i f t - d r w  pola;ra of several wing-flap 
configurations. 121e crit ical   compressibfli ty speed of the Xing with the 
0.032~ round le- edge installed, w i t h  the drooped-nose flag 
deflected loo, and with h a - s p a n  split flaps installed is given in figure 24. 

Force measuremsnts. - The m z f m u m  U t  caefficient of the basic wing 
is 0.58 at an =&e of attack of 15.9O (fig. 4). This value of maxfmum 
lift coef f icbnt  .is 0.09 lower than that  obtainad in two-dimensional tee t s  
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of t h e  airfofl section  (reference 2). The influence of t he  low aspect 
ratio can be seen fn the shape of the lift curve  which is nonlFnear and 
has a wel.l”rounded peak. -The lift-curve  el,ope..(measured at CL = 0.2 im 
avoid the slight  discontinut* at lower  lift  coefYicients).fs  about 0.03 
per  degree. Although this value of Uft-curve slope is lower than the . 
value of 0.061 calculated By the method8 of reference 4 based on a section 
lift-curve slope of Q.090, it  is in good agreement  with the value of 
0.053 calculated by the methods of  reference 5 .  

An estirmtion of t he  lift coefficient  of t he  wing w a ~  
made based on the methods outlined in reference 4. The lift-coefficient 
at  which  each  section  along  the aemiepan s t a l l s  was obtained from  the 
two-dimensional data of referancs 2 and is sham by the dashed curve 
in figure 5.  The c m c m  of t h e  span-lift distribution  for  three values 
of wlng % were determined by the method8 of reference 4. As soon BB 

t h e  span-lift-distribution  curve  becomes  tangent to the stalling c2- 
curve, the section at that  point  reaches  its maximum lift  coefficient 
and ~tallhg should soon spread over a conelderable  part of the wing. 
The stalliq obtained by W e  method  ie usually within a few percent 
of t he  measured A8 ah- in figure 5, the Cd.Culakd 6 t d l i I l g  CL 

is 0.549. Inasmuch a8 the  measured value of & is 0.38, the agre-t 
between t h e  measured and calculated values is considered good, eLnd thus 
the method in this c a m  appears to be applicable  to  low-aegect-ratio, 
rectangular having airfoil eectiom with S h a r p  leading edges. 

The variation of the pitching-moment  coefficient w i t h  lift  coefficfent 
indicates a slightly forward. location of t h e  center  of  pressure w i t h  
reepect to the quarter  chord up to about C, = 0.45 above which  the 

center  of pressure moves rearward w i t h  incream in lift  coefficiat sharing 
a W g e  degree of longitudinal  stability through the stall. The drag 
coefficient af the w3ng is high at the moderate and high angles of attack 
as  compared with t h e  drag of wine with  conventianal, round-nose airfoil 
sections. 

S t a l l i n g  characteristics. - Tuft  studlea of the basic wlng (fig. 14(a) ) 
show e a r l y  separation  at  the lea- edge of the w i n g  center  section 
which  spreads  rapidly  toward the tips up to an angle of  attack  of  about 6 O .  
A t  this W e ’ o f  attack the flow over t h e  wing rt36embleS the flow over the 
airfoil  section in two-dimenerional f low where a bubble o+ separation a t  
t h e  nose of t h e  airfoil followed by amooth f l o w  haa been observed  at low 
an,gLee of  attack  (reference 6). With  further  increases in the angle of 
attack  the wing exhibits  the usual flow characteristics of a rectangular 

4 
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wing  inasmuch as the center  section S-@U.E fir8t and the s ta l led  area 
spreads toward the t ips .  Thie  progre~Ei-G-~ resul ts  from the higher 
effective @e of attack of m e  root sectians cau6ed by the induced flow. 

Effect of Split-Flap  Deflection 

Maximum l i f t  coefficiente of 1.00 and 1.24, respectively, are 
obtained f o r  tha wing w i t h  the half-span and ful l -span  spl i t  f laps  
deflected 600. These va lues  of lift coefficient are 0.42 and 0.66 higher 
than those obtained  for the basric wing (f ig.4).  Calculation8 were made 
using  the methods of reference 7 arnd the two-dimensional section data of 
reference 2 t o  determine the incremsnts in l i f t  coefficient due t o  s p l i t -  
flap  deflection. The masured and calculated values are i n  good agree- 
ment, thus  indicating that the sharp leading-edge wing ia affected by the 
simgle high-l i f t  devlcee in  the same manner as conventional wings. 

The pitching-moment curves show the usual change in t r i m  w i t h  f lap  
deflectian and show a center-of-pressure  location below the 6-1 slightly 
t o  the rear of that obtained for the bait w a g .  The variations of the 
pitchiw-moment  caefficfeqt wit21 l i f t  coefficient  indicate a slightly 
forwrd  center-of-pressure  location w i t h  respect t o  the qumter chord up 
to Lift  coefficients of 0.75 and 1.05 for  half-span and ful l -span  spl i t  
f laps,   respectiveq, beyand which the center of pres- moves rearward 
with  increasing l i f t  coefficient and produce8 a stable break a t  the s t a l l .  
Tuft studies of the wing nith --span s p l i t  flaps int3tOed (fig.  =(a) ) 
show the early leading-edge s t d l h g  and other characterist ics that art) 
typical of the basic wing. (See fig.   14(a).  ) 

A n  evalmtion of the l i f t  and drag coefficients o f .  the wing in terms 
of power-off  land3ng-agproach chmacterietics is made possible by use of 
figure 23.. The increase in lift due t o  half-spe  spl i t - f lap  def lect ion 
is shown here t o  be in p a r t ,   a t  least, offset  by a kge increase in drag 
with the result that  the  speeds  considerably exceed tple cr i ter ion 
set for th  Fn reference 8 that a sinking speed should not exceed 25 f e e t  
per second a t  about 0. (See f ig .  23 (b) . 

Effect of hadin@;-Eiige High-Lift Devices 

Drooped-nose flap. - The maxFmum l f f t  coefficient of the w h g  with 
the drooped-nos8 f l a p  deflected 20° is  0.89. (See f ig .  6 . )  This value 
is  0.31 higher  than that obtained for the basic wing.  Although a maxi- 
ruum l i f t  coefficient of 0.92 is obtalsed w i t k  - - e  drooped-nom f h g  
deflected eo, it is cbtained a t  a higher angle of attack and W f t h  consid- 
erably more drag than fo r  the case w i t h  6, = 20°. (See f igs .  6 and 17.) 

The increases in maxfmum lift coefficient and angle .of attack f o r  maximum 
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lift with the drooped-nose f l a p  deflected reault prfmarily from the 
improved flow canditiona a t  the lead- edge by more nearly d i n i n g  the  
wing contour w i t h  the air stream and themby delaying stall to higher 
angles of attack. This a l i n e d t  of the  leading edge tea to alleviate 
the negative pressure peaks .and tbsreby t o  decmaae the &verso pressum 
gradient that cawen 1eading-e- separatian. Although the leading-e- 
separation ha8 not been e l h h a t e d  w i t h  the drooped-nom f l a p  deflected 
200, as sham i n  the tuft studies (see f ig .  14(b)), the initial separatlcm 
has been delayed t o  a considerably higher -angle of attack than t h a t  for 
the basic wing. (See -fig. 14(a). ) It is interesting to  note that the 
optimum drooped-nose-flap deflection f o r  maximum lift found in these 
tests is lower than  the  value  found in the two-d imens id  tests of the 
section  (reference 2). 

t 

s 

Deflecting the drooped-nose f l a p  causes an appreciable  reduction in 
the drag of the wing  at  the modemte and high angles of attack. Thie 
reduction in drag increases with Fncreaaing  drooped-nom-flap dafbct ion 
up t o  6, = 25*. A t  the low angles of attack the drooped-nose f l a p  has 
the ef fec t  of a Bpoiler caueing an increase i n  drag w3th flap deflection 
as caxparod with the beaic wing. The beneficial   effect  of droqed-nose- 
flap deflection on the drag at  high lift coefficients redts  in lower 
sinking speeds as shown in figure 23 (a); however; the gliding weed of 
about 145 miles per hour to  obtain a einking epeed of 25 feet per second 
is above the range of present  practice. It should be realized that the 
drag coefficients plotted in figure 23 are f o r  the wing d o n e  and, there- * 
fore, the s u i n g  speeds of the  complete airplane would be somewhat 
greatsr. Power could b4 uaed f o r  the l a n d h g  approach and landing condi- 
tims to offset the high drags s h d  fi PiWe-23, but t M s  practice  c&fd 
lead t o  dangerous conditian;, for emergency U n g a  with power off. 

.I 

. "" 

The pitching-moment curves show no significant change i n  the longi- 
tudinal   s tabi l i ty  of the wing aa compared w i t h .  the basic wing (fig.  6 ) .  
A smaller change in trim due t o  drooped-nose-flap deflection is noted 
than waa rnoasured with the s p l i t  flaps  .deflected. (See fig. 4.) 

Extensible leading-edge f lap.  - The I21&xIxIIuII1 lift coefficient o f t h e  
wing w i t h  the extensible =ding-edge flap installed is  1.20 at  a Rep~olds 
number of about 5.90 x 10 k . (See f ig .  7(a).) This d u e  of maximum lift 
coefficient is 0.62 higher than that obtained for the basic Xing. The 
increase is due not only to a delay of the s t a l l i n g  t o  higher anglee of 
attack as compared w i t h  the basic wing but also to  an increase i n  wing 
area which k a ~  not been taken into account in the calculation of the wing 
coefficlents. The delay i n  the s ta l l ing  to  higher a n g l e n  of attack with 
the extens ib le   l eaw-edge   f lap  inetalled iB at t r ibuted mainly t o  i;he 
favorable  effects of the round leading edge ra ther  than t o  the effect of 
leading-edge3-fla-p defbctiun. TW section data (reference 2) show that 
the  increase in maximm lift coefficient mer that f o r  the basic wing du9 
t o  a 0 . 1 0 ~  extensible leading-edge f l a p  vlth sharp leading edge8 i R  only  
about one-half the magnitude of that obtained wit21 the droopcd-n3sc, f lap  
deflected. The higher 8lope.s of the l i f t  curves &re prjmarily due t 3  t* 
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f ac t  that the I f f  t cwff   ic ients  axe based cm the  m a  of the original  
wing. The sharg peaks of the lift cur-ves axe conaidered  undesirable 
inasmuch as a s l igh t  aspumtr;y near the s t a l l  may lead t o  serious rolling 
instabi l i ty .  

The mxirmxm lift coefficient  increases wfth increashg Reynold8 
number f o r  the range OP ~ e g n o l d ~  nunibera investigated. (see figs.   7(a) 
and =(a).) Tuft studies of the King (fig. 14(e)) show ear l y  separation 
over the nose f lap ,  'but as conpared .with the wing xith Sn = 200 
(fig. 14(b)) the root s t a a ~  a t  the wing traiUng e- haa been delayed 
to higher angles of attack and covers  a smaUer area of the wing near 
maximum lift. 

The extensible leading-edge  flap cauees a cunsiderable  reduction In 
drag of the wing a t  the higher angles of attack as ccrmpared with the basic 
wing or  the wlng with 8, = 20°. As shown in   f igure 23 (a),  the gliding 
Geed required to maintain a E- speed of 25 feet -per second is 
reduced from 145 miles per hour t o  about 117 miles per hour. 

The variations of khe pitching-momsnt coefficient  with lift coef- 
f ic ient   ( f ig .  7(b) ) show a  center-of-pressure locatim which is  slightly 
ahead of that f o r  both the  basfc w i n g  and the wing w i t h  6, = 20' through- 
out the l i f t -coef f ic ien t  range. The s tab i l i ty  a% the stall is not  appre- 
ciabl;y affected br Fncreaaing Reynolds nmber. 
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The tuf t   s tudies  of the w i n g  with the E n ' =  .loo, 0,032~ round- . 
leading-edge configuration a t  a Regno% nlllILber of about 4.1 x 10 
(fig. 14(d) ) ehow a s t a l l  progrwssion which reaenfblee that obtained fur 
the wing with 6, = 20° (fig. 14(b) ) except.. tha t  the lnitlal leading- i 
edge separatim is confined to a region at about 0.5 - and that a smaller 

area of the w i n g  is s t a l l e d  in the  region of h. The tuft studiea 

at  a Reynolds mmib0r of about 6.0 x 10 show no chanp in the stall 
progress.ion and consequently are not pre8ente.d. 

6 

b 
2 

6 

Inspection of the gUQing-speed a;na ai&Lng;8peed chart (fig. 23(d 
shows slightly lower drag coefficients in the moderate and high l i f t -  
coefficient range for the En = loo, 0 .032~  round-bading-edge conffgura- 
t ion than f o r  the extemible leading-edge flap; however, in the region 
of C h  the gliaFng speed reluired to  maintain a einklng speed of 
25 feet  per second is about the same (U.5 m i l e e  per hour) as f o r  the 
extern ible leading-edge flap. I . "  _ -  

As in  the csse of the  extsnsfble leadine;-e&ge f l ap  the variatione 
of the pitching-momsnt coefficient  with l i f t  coefficient  indicate a 
center-of-preseure  location which is slightly ahead of that for the baeic 
wing and the w i n g  w i t h  6, I 20° throughout the l i f t -coef f ic ien t  ramgs 
for Reynolds nmbers of 2.99 x 106 and 4.3 x lo6 and f a r  lift coefficients 
up t o  0.60 for higher Reynolds numbers (fig. -g(b)). For the higher 
Reynolds numbers, the center-of-pressure  location is moved rearward to a 
point  elightly ahead of the quarter chord for lFft coeff iciente greater 
than 0.60. In general, the break in t he  pitchhg-moment curves a t  the 
s ta l l  was in a stable direction throughout the range of Reynold8 numbsre 
investigated. 

* 

. .  
1 

The results of tests made with the 0.032~ round leading-edge Fnstdled 
and with  the drooped-nose f lap neutral (888 figE1.- 13 (a) and =(a) ) show 
an appreciable scale ef fec t  on the msxirmnzl lift co3fficiexlt but the values 
of maximum lift caafficient are considerably lcnier than those obtained 
f o r  the combination w i t h  the drcoped-nose f h p  deflected loo. The marl- 
rrmm lift coefficient of 0.88 obtained at a R e y n o l d s  IuuDber of approximately 
7.0 x 10 is s l igh t ly  l o w e r  -Ghan"that ob&i&?i.~with~ the r&md leading 
removed and the drooped-nose f lap  deflected 2oo (fig. 22(a) ) . The tMt 
etudiee (fig. 14(c)) &ow that the initid hadtng-edge stalling is 
delayed to  higher angles or attack as cowarea  xith  the basic wing 
(fig. 14(a)) and that t he  a t a l l  .progreesion is about the eane RB that for 
the  bas1 c wing except for the rough flow along the t r a i l i ng  e d s  at the 
moderate angles af attack. The pitching-mamant curves (fig. 13 (b) ) indl- 
cate tho aame s t a t i c  lcmgitudinal s tab i l i t y  aa that fo r  the basic wing 
at  Reynolds numbers up to 4.28 x 13, but above thia Reynold8 number the 
s t ab i l i t y  i e  samewhat reduced. 

6 " " 

t 



Force &asuremants and S t a l l -  Characteristics 

Drooped-nose f lap.  - The w i n g  with  the drooped-nose flap  deflected 
in combination with half-span Etnd full-qan s p l i t   f l a p s  gives Ch 
values of 1.26 asd 1.48 a t  angles of attack of 17. a0 and 1'j'.a0, respec- 
t ively.  (See figs. l5(a), 16(a), and 17.) These highest & values 
occw  with a nose d e f l e c t i a  of 30°, which w i l l  hereinafter be discussed 
as the opt- deflection for the comb+tion, Instead of 20" as for 
the drooped-nose-alone canfiguratim. These & values at the optimum 

deflectl.cn are 0.26 and 0.24 higher,  respectively,  for  the ha3f-span and 
full-span  spli t-fhp  configurations  with the basic leading edge (sharp 
leading edge W L t h  S, = OO). Deflecting the drooped-nose f l ap  30° produces 
pitching-mament characterist ics which are decidedly different than f o r  
ths half-span'and  full-span  split-flapalone confi@mations in that rear- 
ward center-of  -pressure  positims with respect t o  the quarter chord are  
indicated up t o  l i f t  coefficients of about 0.70 and 1.05, respectively, 
beyond which the  center of presmme morn8 forwaxd giving  instabi l i ty  at  
the stall (figs. l5(b)  and 16(b)).  TLzft 8tudies (figs. =(a) and 2 l (b) )  
show that drooplng the nose wfth the half-epan split f l ap  installed 
delays  the  trailing-edge  aepwatian until C i a  reached and also 

reduces the &rea of separation over the center eect im.  Deflecting the 
the drooped-nose f l ap  in conjuncttan with the -lit f l ap  affects the drag 
in about  the same m e r  as previously noted fo r   t he  drooped-nose-alone 
configuration. However, as shown in the ~~ and a h k i w s p e e d  chart 
of figure 23 (b), the high drag coefficient8 developed by the sn = 30°, 
half-spm  8plit-fhp  configuratim M 8 u b  i n  &.minim 8iIlking 8p-d O f  
about 34 f ee t  per second, which is probably  prohibitive  according t o  
present larding techniques. 

~~ 

Irlnax 

Eftensible leading-edge flap.  - A t  a Reynolds number of about 4.1 x 1 0  6 
ths e x t e m i b b  leading-edge f l ap  in conibhatian with half-span and full- 
span split f h p s  gives cL values of 1.58 1.71 (fig. 181, which =e 

0.58 and 0.47 greater, respectively,  than thoas sham fa r   the   sp l i t - f lap  
installations done. Practically no scale   effect  on maximum lift is 
indicated  for the half-span a d  fuY-span  Qlit-flap combinations. The 
pitching-moment ckLaracteristics are practically the s m  for  both split- 
f lap  combinations as for the extensible leading-edge nose flap,  alone in  
that the  center of pressure remains a t  a constant  forward  position  with 
reference to the quarter-chord l h e  throughout  the  lift-coefficient range 
until the stall, where it moves remward giving marginal stability. The 
addition of t he  half -span s p l i t   f l a p   t o  the wlng with  tho exteneible 
leading-edge f l ap  produces higher ne-tive pressures over  the rear of t he  
wing and thereby  provides a more favorable pressure gradient which ten& 
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to  eliminate the separation behind the Leading edge (fig. 2 l ( d ) )  that is 
inherent  in all the other  cmfiguratiane tested. The drag characterist ics 
of the  split-fla-p combinatians ma essent ia l ly  the same as for  the  case 
with the extensible leading-edge f l ap  alone except that tlg.absolute value6 . 

of drag coefficient are higher. A0 eh0wr.h figure 23 (b), the he3f-Bpan 
s p l i t  f l ap  and the  exten8ible leading-ed.ge-flap  cambination has a high 
minimum sinking speed of 32  feet   per eecand at  0.85~ 

* 

- .. 
i 

kg 
The 0.032~ round leading edge with 6, = loo. - For the combination 

having the drooped nose deflected loo, the 0.032~ round Leading edge, 
and the haW=apm s p l i t  f l a p  installed,  the maximum l i f t  coefficient 
increases  abruptly between Reynolas  numbers af 4.0 x 10 and 5.8 x 10 6 6 
(see f igs .  19(a) and 22(13))~and a t t a w  i t 8  highest v d u e  of 1.47 at a 
Reynola number of 8.0 x 10 . This value of C i a  0.26 above that 
for the  configuration  without the s p l i t  f lap,  but 0.11 b e l o w  that f-or the 
e x t e m i b l e  leading-edge f lap  i n  ccmibinatlan with only the half-span Bplit 
flap.  Ths effect  011 - b b  pitchin@;-moment characterietics of adding the 
half-ep- sp l i t   f l ap   ( f ig .  19(b) ) is t o  give s l igh t ly  mre stabili.t;y below 
ths stall but considerablg l e a s  s t ab i l i t y  at than for the 6, = loo 
round-leading-edge ccmfiguration. The des-kbilizing effect a t  high lift 
coefficients becamea mre pronounced with  increases in Reynolds numbsr BO .. 

6 that a t  a Reynolds nmiker of 8.0 x 10 the wLng f a  unstable at stall. 
t u f t  e t u d i e s  of f igwe U ( c )  (taken a t  a Reynolds number af about 4.1 x %6 10 
where the pitchLng-moment break is s table  at the a t a l l )  ehar that the Bplit t 
f l a p  reduces the trailing-edge  sepazation that occurred for ths wing with 
tha split f lap  removed (fig. 14(d)).  A s  for the other c d b i n a t i ~ ~ ~  canfig- 
uratiom already discussed,  the  half-span  split  flap increaseer the drag of 
the 6, = loo, 0.032~ round 1eading-e- c a u t i o n  BO that a minimum 
sinking speed af 31 feet per second is obtained at a gliding sped of 
113 miles per hour (fig. 23 (b) ) . 

k 

Th3 0.032~ round leadlng edge with 6, = 0. - With t he  0.032~ round- 
leading-edge configuration with halp-span @lit f laps  installed,a %= 
of 1.25 I s  obtained  (fig. X)). This value of is 0.37 higher than 
that for the round leading edge alone but is slightly lower than that for 
the drooped-nose, half-span, spli t-flap  configpation. T h ~  acale  effect  
on maximum lift i a  similar to  that  f o r  the other round-leading-edge config- 
uratiane previously diecussed (see fig.  in tha a marked increase in 

occur8 between ReynolrLa nmbsrs of 4.2 x 10 k and 6.2 x 106. Gener- 
ally marginal s t ab i l i t y  is  shown a t  low and moderate lift coefficlenta and 
the  etabilizing trend at  Mgh lift ccefficfents occurs at  Increasing 
values of CL as the Reynolds number is increased. 

V 

I 
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Leading-Edge Pressure Measurements 

15 

The maximum observed  negative pressure coefficient f o r  the canfig- 
uration of 6n = loo with the 0.032~ round leading edge and the half- 
span s p l i t   f l a p  hat-& was -3.69 with the w i n g  a t  CLmex and a t  a 
Reynolds number -of 7.2 x 10 asd a MgLCh nunib3r of 0.U. This pressure 
coefficient, w h e n  extrapolated by the Glauert-Prandtl method, corresponds 
to a c r i t i c a l  Mach number of 0.37 (fig. 24) which is much greater than 
the free-stream Mach nuniber that  would be attained in f l i g h t  wdth f laps  
deflected. I 

6 

The later& characteristfcs of t h i s  rectangulax wing w i t h  and with- 
out  high-lift  devices are  presented a8 variatims of C2, %, and Cy 
with angle of yaw Fn figures 25 to 30. From these basic bta the s ta t ic -  
la teral-s tabi l i ty  parametera CtS, %, and Cyd, are detedned as a 
function of % and are presented in figures 31 t o  34. The 12-inch cut- 
out in the s p l i t  f laps and the rear mpgort   s t ing used in the m w  tests 
axe bslieved  to have no first-order effects an the lateral characteristics. 

Basic Leading Edge 

The lift-curve elope of the  basic w i n g  is not a9f ected materially 
by yaw. Figure 25 shows an average value of lift-curve slop (measured 
at % = 0.2 t o  avoid dlscantinuities a t  bwer l i f t  coefficients) of 
about 0.051. f o r  all yaw angles investigated. The maximum l i f t  coef- 
f i c i en t  is Increased, however, from 0.56 to 0.61 as the wing is  yawed 
from Oo t o  18. Bo. 

The dihedral-effect parameter CzJr of the basic Xing increases 
parabolically with lift coefficient fram 0.0002 at low values of CL 
t o  0.0023 a t  0.9gCk (fig. 31). !&is variatim, which is unlike 
ths general ly linear variation shown in  references 9 and 10 f o r  wings 
with conventional  round-leading-edge a€rfoile, can probably be attributed 
t o  the  sharp leadhg edge of the circuhr-arc   a i rPoi l   sect ion inasmuch as 
swept wings with cmventional  airfoil   sections have Been found t o  have 
decidedly  different  dihedral-effect  characteristics than gaometricdJy 
identical  wings w i t h  circular-arc  sections. D a t a  from t e a t s  of a trape- 
z o i d a l  wing w i t h  the eame croes  sectiaq as the rectangu3-m w i n g  of the 
present tests (reference U) show the same general variatfan of C 
w i t h  CL although the C values are somwhat lower because of the 

26 
2Jr 
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higher a ~ p e c t   r a t i o  of the trapezoidal uing. Weissinger derive6 in 
reference 3.2 a theoretical  f orzrmla f o r  dete-8 dihedral ef fec t  i n  the 
low and  moderate l i f t -coeff ic ient  range which, corrected  to apply to the 
total wing S p n ,  is 

where K is an  empirical canstant. This relatim pmdicts a uniform 
slope and consequsntly doe8 not agree with the tes t  msults. 

The basic w i n g  possee$ee a amall amount  of directtonal s t ab i l i t y  
with cv increasing linearly with CL up to the stall and breaking 
more s tab le  near the s t d l  t o  give a % vdue of -0.00050 at 0 * 9 5 L .  
The side-force  parameter %q is d and ,increases  uniformly frm 0 
a t  low lift coefficients to -0.0010 at 0.95C A s  shown in the 
basic data of figure 26(a), the C C slopes at zero yaw 
gene3xdJ.y hold throu&out the yaw range hm8tigatedY whereas C2* 

9 y* 

I' 

2 

decreases  nsgatively at the highest  positive yaw angles tes ted .  ' - 
Deflecting the --span split f l ap  603 reduces  the m e w  effect  

and produces a more nearly linear variation u ~ t h  lift coefficient (fig. 31). 
The directi-1 s t ab i l i t y  and lateral-force  characterfstics are eesentially 
unaltered bg the half-span split-flap  deflection. The C c '  
and c slopes measured at  zero yaw are generally comistent throughout 
*e Yaw range investigated. (See f ig .  26(b).  ) 

. . .  

Z V  " 
YJI 

Deflection of' the full-span s p l i t   f l a p  produces practically a linear 
dihedral-eff ect variation which gives a C value of 0.0iXg at C 

24. k 
(fig. 3 ) .  The direct ional   s tabi l i ty  is  greater than f o r  the  basic wing 
(cnw = -0.0011 at  G), but the .C c tamc teds t t ce  are p r a c t i c w  

y4f 
the 882218. 

Drooped-Hose Flap 

me ef fec t  OF def l ec thg  the 0 .20~  drooped-nose f l ap  2 0 ~  1s t o  
produce a C slope that is  almost linear throughout the (+, range) 

except near the stall where a strong positive break occura (fig. 32(a) ). d 

A CzS of 0.0040 is obtained at the s t a l l .  This variation is similar 
t o   t ha t  given in  references 9 and LO.for similar w i n g s  with conventional 

bution  over the forward part  of t h e  biconvex a i r f o f l b s h g  more like that 

Z*CL 

' round-hading-edge a i r fo i la  and probably results from the pressure distad- 1 
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for conventional  airfoils. The s m  effect was noted in reference 1l 
when a drooped-nose flap was deflected on a simiLar wing with  trapezoidal 
plan form and circular-arc  airfoil sectims. Calculations u s i n g  
Weissinger ' 8  .rela&ion previously noted with a j r  . value of 1.56, as  deter- 
mined experimentallg. fn reference 10, give a C 

which agrees cloaely with the measured slope at lox snd moderate lift 
coefflcients. The directional  stability  of  the  drooped-nose  configuration 
is greater  than  that for the basic ning Fn the high-lift-coeff  icient rarge. 
The C characteristics are not changep materially by deflecting the 
nose flap. 

%CL 
Slop0 O f  0.0023, 

ydr 

Deflecting  the half-span split flap 60' in conjunction with the 
drooped-nose fl&g 30' reduces the dihedral effect fn -the high-lift ??an@ 
below that f o r  the drooped-nose-flap-alone cmffguraticm (fig. 32(b) ) and 
produces a constant small positive dihedra l  effect Fn the moderate lift- 
coefficient  range. The directipnal  stability and lateral-force  charac- 
teristics are not WteriaXLy affeoted by deflecting the hdf-span spMt 
fLap 

Drooped-Nose Flap With 0.032~ Round-LeadFng-Edge Modif ication 

The d i h e d r a l  effect  of the drooped-nose  configuratian is not altered 
appreciably by the installation of the 0.032~ round LeadFng edge 
(fig. 33 (a) ) . The data for the drooped-no3e flag  cbflected l oo  with the 
round leading edge show no consistent  variation w 2 t h  ReynoldEI nmbe 
except  for t h e  irregulmities at Reynolds nunibere of  about 3.0 x 1 & ana, 
and 6.0 X 10 , the c 6 

QCL 
. elopes check the calculated value of 0.0023 

very w e l l .  The directional stabil i ty is not  affected  materially by the 
addition of the round leading edge or by Reynolds nurdber for the Remolde 
number range InV0Stigated. The 1ateml"force  characteristics are similar 
to those for the sharp-leading-edge  drooped-nose  configuration  except that 
the CY* values are about double (-0.OO25 1 at the s t a l l  f o r  t h e  highest 
R e p o i &  n m h r  hves tlgated. 

Deflecting the h e - s p a n  split flap generally  decreases  the dihedral 

slope  to  about 0.0020 or 13 percent bslow the  calculated value. 
effect at any given lfft coefficient  (fig.33(b)) m d  decreasee the 

The directional St~bilitY and side-f&ce  characteristics are essential- 
unaffected bg the deflection of the split f7ap and ah0 hava no significant 
variation  with Reyno?*;ls nunibsr. 

%CL 

Extensible Leadhg-Edge Flap 

The d i h e d r a l  effect  with t he  extensible leading-edge flap  Fnetalled 
has a fairly normal variation  with  ltft  cosfficient (fig. 34) and an 
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average C slope that agrees well w i t h  theory. Actually, however, 
2*cL  

1 

the C slope is s u r  at moderate lift coefficients and grea-r.. 

than the calculated value of 0.0023 at low and high lift  coefficients. 
The directiansl  stability is somewhat  different than for any other cdlg- 
uration tested in that it  is zero at a Qf 0.25 and increases rapidly 
for both higher and lower  lift  coefficien 8 .  Of course,  this  difference 
at low lift  coefficients  is  relatively  uninTport;ant  bscauee the flap would 
probably not be deflected at such  lift  coefficient8  corresponding t o  high 
flight speeds. The %$ variation  is  quite similar to that for the 
drooped-nose  configuraticm with the 0.032~ round leehding edge installed 
in that it Fncreaees  about 1Fnesrl.y to -0.0025 at 
scale  effects on the lateral-characteristic  parameters are sham for the 
R e p t o l d e  number range investigated. 

2*CL : 

2 

Lo c-iatent 

The results  of an investigation at high Reynolde nuzlibers and low 
Mach numbers in the h g l e y  full-scah tunnel of the ma;rimum-lift and 
lateral characteriertics of a rectangular wing of aspect  ratio 3.4  wfth 
circular-arc  airfoil  sectIan are sunumrfzed as f ollowe: 

1. The maximum  lift  coefficient of the basic wing is 0.58. The 
mition of --span and fu-apan split f laps  deflected 60° acreasee 
this value to 1.00 and 1.24, respectively. The agreement between t h e  
experimntal valuea of the maxlnarm l W t  coefficient  and  lift-curve slope 
of the  basic w i n g  and the Fncremts in lift  coefficient due to flap 
deflection  with  thoae  calculated  by t h e  best  available  methode  is good. 

2. Maximum  lift  coefficients  of 0.89, 1.20, and 1.21 are obtained 
for  the wing with the drooped-nose  flap  deflected 2oo, for the w i n g  with 
the  extensible leeLb-lng-edge flap, and far the u h q  with the couiblnation 
of drooped-noee  flap  deflected loo and the 0.032~ round leading edge, 
respectively. These values are increased  to 1.26, 1.58, and 1.47, 
reapect~ve~, with the adition of --span s p l i t  fhpa deflected 60°. 

3 .  The drag of the wing is high throughout  the d e r a t e  to high 
angle-of-attack  range. The addition of split  flaps caums a larga drag 
increase;  however, an appreciable  reduction Fn the drag Fn t h i s  range i6 
obtained  by  deflecting  either  the drooped-nose f lap,  or by the instalL9.- 
t im of the  extensible  leading-edge f la.2, or by  deflecting the drooped- 
nose flap In combination  with a rounded leading edge. 

. 

I 

I 



i 4. The pitching-&nt  characteristfcs of the basic w3ng and of the 

-i the quarter chord below the s t a l l .  A stable pitching-moment break is 

wing with the leading-edge high-lift  devices  givfng hiaest  mazimum lift 
indicate a slightly forward center-of-pres~nzre  location Hth respect   to  

sham a t  the stall f o r  all cmfigUrations except these with the extensible 
b w - e u e  f h p  and ~ ~ t h  tple = loo, 0 . 0 3 2 ~   r o u n d - h w - e d g e  
configLratian, which have breaks sh- margLnal 8.t;ability. 

5. Except for the wfng with the  extensible leading-edge f l a p ,  where 
the center-of-pressure shift w i t h  split-flap i n s t d l a t i o n  is m@gible, 
the addition of s p l i t  flaps moves the  center-of-pressure  location slightly 
rear"& a t  high lift coefficients frm the po3itians shown f o r  the wing 
canfiguratfans  without the sp l f t   f l aps .  The only siepif icant  changes fn 
the pitching-momsnt CharaCi~ri8tfcS at the s t d l  came5 by the   sp l i t  f%pB 
a r e  an unstable break for boped-nose-fhp  deflections  greater than 20' 
and a n  unstable  bre&.for the 6, '= loo, 3.032~ round--lew-edge config- 
uration at the highest Repol& nunibere investigated. 

6. For the basic wing the dihedral effect increases  pazabolically 
with lift coefficient and the direct ional   s tabi l i ty  increa~es about 
Uneazly with l i f t  coeff ic ian t  and attain values for the respective P a m -  
e te rs  .of 0.0023 per degree and -0.OCQ50 per degree near maximum Wt. 
The values for  side-force pammter %q ere low. 

materially %$ or CY#, but do produce almost linear C e i a t i a n e  

w i t h  % which, in general, agree w e l l  with those  for conventional round- 
nose a i r f o i l s  and x i t h  theory. 

7. A l l  the leading-edge high-lift  devices. investigated do not &fe& 

2.9- 

9. The separation b3hind the leading edge that is merent f o r  all 
Other configurations  investigated i e  eUadnated when the  exteneible 
leading-edge nose f lap  is installed in conjunctIan  with  the half-spas 
split f lag.  



x, R N A  RM No. L8DW 

1. Lange, Roy H, : Langley Full-Scde-Tmel Investigation of the 
Maximam L i f t  and S t a l l i n g  Chmabteristics af: a Trapezoidal WFng of 
Aspect Rat1o.k wlth  Circular-Arc  Airfoil  Sectians. NACA RM 
No. L7H19,  1947. 

2. Underwood, William J., and Nuber, Robert J.: Two-Dimenaid W i n d -  
Tunnel InvestiEgztion a t  Hi& Reynolds Nunibers of Two Sgmmatricd 
Circular-Arc  Airfoil  Sections wit21 High-Lift  Devices. NACA RM 
No. L6K22, 1947. 

Y 

3.  k e g e r ,  W.: Systematic Wind-Tunnel Measurements on a Laminar W i n g  
with Nose Flap. NACA TM No. lug, 1947. 

4. Anderson, Raymond F.: Determination of the Characteristics of 
..  .. 

Tapered Ulngg. NACA  Rep. No. 572, 1936. 

5. Swamscla, Robert S . ,  and C r m d d l ,  Stewart M.: Lifting-Sdace-TheolTg 
Aspect-Ratio.Correctians to the Lift and. Hinge-Moment Paramtere  
f o r  Full-Span Elevators on H o r i z m t a l  Tail Smfaces. NACA TN 
No. 1175, 1947. . ." . " 

6. Underwood, William J., and Ruler, Robert J.: Aerodynamic Load 
Memuremente ovar Isading-Fdge asd Trailing-Edge Plain Flaps on 
a 6-Percent-Thick  Symmstrical  Circular-Arc  Airfoil Sectim. 
NACA RM No. L p & ,  1947. 

7. Silverstein, Abe, and Katzoff, S.: Design,Chsrts  for Predict ing 
Downwash Angles and Wake Characteristics behind P la in  and Flapped 
 wing^. NACA Rep. No. 648,  1939. 

8. G u ~ ~ t a f a o n ,  F. B., and O'SUllivan, William J., Jr.: The Effect of 
High Wing Loadlng an Landing Technique and Distance, with Ekperi- 
m n t d  Data  f o r  th3 B-26 Airplane. NACA ARR No. L&O7, 1943. 



r I 

Figure 1.- Geometric characteristics of the rectangular wing. All dimensions a re  given 
in inches. 
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Figure 2.- Arrangement of high-lift devices investigated. 



(a) Wing mounted on airfoil supports. 

Figure 3.- Photographs of rectangular wing mounted in the Langley full-scale tunnel. 
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(b) Wing rnwmted on yaw supports. 

Figure 3.- Concluded. 
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Figure 4.- Effect of split-flap deflection on CL, CD, and C, of a 
rectangular wing. 
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Bpanuise loaat ion,  i? 

Figure 5.- Determination of CL at which basic wing begins to stall. 
* 
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Figure 6.- Effect of drooped-nose-flap deflection on CL, CD, and 
C, of a rectamar wing. 6f = Oo. 



(a) Variation of CL, CD and C, with a. 

Figure 7.- Effect of Reynolds number on CL,  CD, and C, of wing with extensible leading- 
edge flap installed. br = 0'. 
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(b) Variation of C, with CL. 

Figure 7.- Concluded. 
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(a) Variation of CL, CD, and C, with a .  

Figure 9.- Effect of Reynolds number on CL, CD, and Cm of wing with 0.032~ round 
leading edge installed. i3n = 10'; 8 = 0'. f 
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(b) Variation of C, with CL. 

35 

Figure 9. - Concluded. 
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Figure 10.- Effect of Reynolds number on CL, CD, and C, of wing withO.032~ round w 
0 

leadbg edge installed. 9 = 0'. 
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(b) 8n = 20'. 

Figure 10.- Concluded. 
Y 
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(a) on = 10'. 

Figure 11.- Effect of Reynolds number on CL, CD, and C, of wing  with 0.040~ round 
leading edge installed. 6f = Oo. 
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(b) 6 = 15'. n 
Figure 11.- Concluded. 



. .  . . . . . .  ~ 

f 

d d 

(a) 6, = 10'. (b) bn = 15' (C ) 6, = 20'. 

Figure 12.- Summary of maximum-lift results of round leading-edge configurations with 
several drooped-nose deflections. €jf = Oo. 
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Cm 

(b) Variation of C, with CL. 

Figure 13.- Concluded. 
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a. 1S.W; OL, 0.A 

a, 1 1 . 7 O ;  9, 0.70 

Figure 14. - Stalling characteristics of basic wing and of wing with 
several leading-edge high-lift devices installed. Arrows indicate 
direction of flow; R X 4.1 x 106; bf = Oo. 
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(a) Variation of CL, CD, and C, with a. 

Figure 15.- Effect of drooped-nose-flap deflection on CL, CD, and 
C, of wing with half-span split flaps  installed. 6f = 60' , 

. 
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(b) Variation of C, with CL. 

Figure 15. - Concluded. 
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(a) Variation of CL, CD, and C, with a. 

Figure 16.- Effect a€ drooped-nose-flap  deflection on CL, CD, and 
C, of wing with full-span split flaps installed. 6* = 60°. 
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Figure 16. - Concluded. 
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(a) Half-span rear flaps deflected 60’. 
Figure 18.- Effect of Reynolds  number on C and C of wing L’ ‘D’ m 

with extensible leading-edge flap installed in combination with split 
flaps. 
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(a) Variation of CL, CD, and C, with u.  

0 

Figure 19.- Effect of Reynolds number on CL, C,,, and C, of wing with 0.032~ rowid Ln P 

leading edge installed in combhation with half-span split flaps, 8 = 10'; 8 = 60'. n .f 
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(b) Variation of C, with CL. 

Figure 19. - Concluded. 
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Rgure 20.- Effect of Fkynolds number on CL, CD, and of wing with 0.032~ round 

leading edge installed in combination with half-span split flaps. bn = Oo; = goo. 
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E / \ 1 -+ ...... :*.. 
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a, 15.7O; DL, 1.21 

a, 17.30; OL, 1.26 

a, 16.3O; oL, 1.26 a, 19.1O; a=, 1.53 

a,  14.80; OL, 1.17 a,- 15.4'; (IL, 1.e3 

a, 12.00; QL. 1.04 a. 14.5'; (IL. 1.19 

t 

4 

Figure 21. - Stalling characteristics of wing with half-span split flaps 
installed and of wing with several leading-edge high-lift devices in  
combination with half-span split flaps installed. Arrows indicate 
direction of flow; R w 4.1 x 106; ef = 600. 
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(a) Split flaps removed. 

R, milllone 

(b) Half-span split flaps installed; 6f = 60'. 
Figure 22.- Summary of maximum lift coefficients as affected by 

Reynolds  number. 
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(b) Half -span split flaps installed; 6f = 60'. 

rectangular wing. X'ing loading, 40 lb/sq ft. 
ure 23. - Summary of landing-approach-speed characteristi 
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Figure 24.- Determination of critical Mach number of wing with 
0 . 0 3 2 ~  round leading edge and half-span split flaps installed. 
6 = 100; 6f = 600. n 
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Figure 25. - Effect of yaw on the l i f t  of the basic wing. 
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Figure 26.- Variation of Cz, C,, and C with of wing for Y 
several angles of attack. 
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(b) Half-span spli t  flaps installed. 6 = 60'. f 
Figure 26. - Continued. 
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(a) 6 ,  = 20'; = oo. (b) 6n = 20'; Of = 80'. 
Figure 27. - Effect of half-span split-flap de€lection on the variation of , Cn, and Cy of 

wing with drooped-nose flap deflected. 
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(a) Variation of C2 with 9 .  {b) Variation of Cn with $ . (c) Variation of C with $-. 
Figure 28.- Effect of Reynolds number on the  variation of Cz , Cn, and Cy with V of 

Y 

wing with 0.032~ round leading  edge installed. 6n = 10'; Sf = Oo, 
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mgure 28.- Exfect of Reynolds number on the variation of Ct , C,, and Cy with * of 
wing with 0.032~ round leading edge and half-span split flaps  installed. en = 10'; 

4 = eoo. 
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(a) = 2,890,000. 

. 

M d P  
( c )  %=oo = 6,900,000. 

Figure 30.- Effect of Reynolds number on the variation of C, , Cn, and Cy with 4' of 
wing with extensible leading-edge flap installed. €if = Oo. 
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Figure 31. - Effect of split-flap deflection on the lateral  characteristics 
of the wing. 6, = Oo. 



(a) an = 20'; Bf = 0'. (b) 6 = 30'; Bf = 60'. n 
Figure 32. - Effect of half-span split-flap deflection on the lateral characteristics of the wmg 

with the drooped-nose flap deflected. 
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(a) Split flaps removed. 

m w e  33. - Effect of Bynolds number on the lateral characteristics of the wing with 0.032~ 
rourid leading edge installed. 6n = 10'. 
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(b) Half-spk split flaps installed. Bf = 60'. 

Figure 33. - Concluded, 
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Figure 34.- Effect of Reynolds number on the  lateral  characteristics of the wing with 
extensible leading-edge flap installed. 6f = 0'. 5 % 
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